INTRODUCTION
Type 2 diabetes, a familial, and familiar disease, is now on the verge of becoming pandemic in developing countries like India [1] emerging as a challenge for family care physicians and obesity has gained state of serious health related issue in South Asian countries. [2] Obesity is often the precursor of type 2 diabetes and its measures are important to regulate even after the inception of the same. Body composition and pattern of distribution of body fat serve as both risk factor as well as the cause of type 2 diabetes mellitus (T2DM). [3] Measurement of body fat can be both quantitative as well as qualitative, with methods available in the form of anthropometric ones as well as those based on imaging techniques. [4] Qualitative analysis and determination of visceral fat (VF) is more important [5] and bio-electrical impedance analysis (BIA) is a simple, quick, cost-effective and objective method available to assess the same with proven efficacy in Indian population and can be used on large scale even by family physicians and primary care providers. [6] By this study, we tried to evaluate body composition in under-treatment type 2 diabetic patients in comparison to controls matched by age-sex, weight and body mass index (BMI) separately.
METHODS

Study design
The present cross-sectional observational study was carried out from January 2013 to April 2014 in clinical research lab Physiology Department of our Medical College.
Study sample
Sample size of 78 for current population of city 600,000 and prevalence of disease 7.33% in urban area of our state [7] yield us 90% confidence interval keeping margin for error 5% as calculated by RaoSoft sample size calculator software, (Raosoft, Inc. free online software, Seattle, WA, USA).
Study subjects
After getting approval from institutional review board and informed consent from participants, the study was carried out in under-treatment ambulatory type 2 diabetics. Subjects were recruited from medicine OPD of a tertiary care teaching hospital attached to our college and from private OPDs.
Inclusion criteria-case
Seventy-eight type 2 diabetics (44 males and 34 females) were undertaken in age group 30-80 years, not taking insulin, taking regular medicines, and having a recent investigation for glycemic or lipidemic control. We excluded to increase heterogeneity we took cases with and without hypertension, with and without statin therapy, with or without family history of type 2 diabetes, coming from various socioeconomic statuses, doing work with varying degrees as to make a fairly representative sample of the population.
Control
We recruited in total 179 healthy nondiabetic controls from the community which were grouped in number equal to cases matched by age-sex, weight, BMI individually.
Research method
Subjects meeting inclusion and exclusion criteria were registered for study with initial assessment in the form of informed consent, personal history, medical history, anthropometric measurement and recent reports of glycemic controls including fasting blood sugar, PP2BS and HbA1c and lipidemic control were taken.
Body composition measurement
After entering age, gender and height taken by stadio-meter subject was allowed to stand on the instrument after its calibration. A digital, portable noninvasive instrument Omron Karada Scan (Omron Karada Scan HBF-375 Body Fat Analyzer,Omron Health Care Pvt Ltd.China) working on principle of tetra polar BIA was used that passes electric current of 500 µA at frequency 5 kHz to scan the whole body to derive regional body composition. We enrolled ambulatory outdoor patients only and took the reading in the morning so as to avoid dehydration [8] that otherwise would affect the accuracy of this method.
Defining cut off norms
For qualitative analysis, we defined standard norms [9] as (1) BMI ≤25, (2) VF ≤10, (3) total body fat (TBF) and skeletal muscle mass as per standard guidelines.
Statistical analysis
The data were transferred on Excel spreadsheet, and descriptive analysis was expressed as mean ± standard deviation. All calculations were accomplished by GraphPad InStat 3 software (demo version free software of GraphPad Software, Inc. California, USA). We evaluated the difference between both groups for baseline data, body composition parameters by Student's t-test and risk calculation was done by odds ratio using defined cut off norms. Any observed difference was considered statistically significant with P < 0.05. Table 1 shows baseline data of case group reflecting the participation of both sexes, the average duration of type 2 diabetes 7.5 years, high average BMI, good lipidemic control and poor glycemic control with respect to HbA1c. Table 2 shows three groups, where cases are matched for age-sex (a) weight (b) and BMI (c) with equal number of controls derived out of pool of 179. Table 3 shows comparison of various parameters of body composition among case and control groups reflecting significantly higher values of total, visceral and subcutaneous fat (SF) and lower values of skeletal muscle mass in type 2 diabetics as compared to controls for all three matching patterns.
RESULTS
When parameters of body composition were compared qualitatively as per defined standard cut off norms, the high fat low muscle mass pattern of body composition in cases as compared to controls persisted, even after matching with weight and BMI, that too with statistical significance for all [ Table 4 ].
DISCUSSION
Out of 135 million global diabetics nearly one-third are in India which is projected to reach 80.9 million by the year 2025. [10] It is further compounded by obesity doubling the cost of its management. [11] For given BMI, South Asians have greater adiposity and visceral and ectopic adipose tissue accumulation. [12] BMI, though used as a simple mean to define obesity, does not actually demarcate between fatty and fat-free mass [13] and do not give any qualitative inference. Few studies have revealed more adverse fat distribution at BMI > 21 kg/m 2 in South Asians as compared to Caucasians in whom considerable dyslipidemia and dysglycemia are unseen until BMI exceeds 30 kg/m 2 . [14] With this propensity, it seems quite worthful to know body composition and body fat both quantitatively and qualitatively in high-risk obese subjects and type 2 diabetics.
We found excess TBF, SF and VF in type 2 diabetic as compared to age-sex matched controls. Even after matching the controls with cases for body weight and BMI, this pattern of excess fat and ectopic fat persisted. Body fat is more valuable parameter than BMI as we found the persistence of ectopic fat distribution after matching with BMI. BMI does not discriminate diabetes risk amongst obese and simple classification of obesity by BMI under classify few cases. [15] Anthropometrical methods like waist-hip ratio, waist circumference are simple means but subjective in nature, subjected to variation [16] and fails to differentiate between qualities of fat. [4] Imaging techniques like computed tomography (CT) scan, magnetic resonance imaging and dual X-ray absorptiometry are accurate [4] but not cost-effective more so in the Indian context. A study has revealed that CT scan is no better than simple methods to measure body fat [5] and availability of BIA serves the purpose of both quantitative and qualitative analysis whose validity has been proven in an Indian population. [6] Obese type 2 diabetics have unfavorable body fat distribution than obese nondiabetics with an increase in VF and decrease in protective fat. [17] VF in excess has been linked to hepatic insulin resistance and TBF, SF to peripheral insulin resistance, [18] both of which can be measured by BIA method and in type 2 diabetics their excess was not nullified as compared to nondiabetics even after BMI matching, suggesting inclusion of these two in routine assessment. VF is more important than TBF or SF as excess VF is a risk factor for both prediabetes and diabetes [19] more so in Indians as compared to other Asian population. [20] Glycemic control was poor being 20% for HbA1c, though lipidemic control was good (60%) and mean duration of diabetes being 7.5 years so it is obvious to look the results observed more cautiously as strict blood sugar control was not observed in most of the cases that is one of the features of Indian diabetics. [10] Therapy itself has a contributor to weight gain. [21] Diabetes is not merely a disease of disturbed glucose homeostasis and rather it is "more a disease of lipid than of carbohydrate." [22] The phenomenon of ectopic fat deposition as seen in our case of obese diabetics is proven to be due to alteration of components of the immune system that damages adipose tissues, liver and pancreatic islets that ultimately leads to dyslipidemia and ectopic fat deposition, [23] most of which is hormone insensitive. Similarly protein wasting is one of the most serious of all the effects of severe diabetes mellitus (DM) that can lead to extreme weakness as well as many derangements in the functioning of organs. [24] The same immune alteration in type 2 diabetics that leads to fatty changes also induces activation of leucocytes, apoptosis and fibrosis that ends in muscle wasting and cachexia. Decreased skeletal muscle mass is also due to a higher percentage of intramuscular adipose tissue. [25] Another part of this study about to be published [26] has proven that in the same subjects, deranged body fat distribution in T2DM measured by BIA correlated with BMI. These parameters are improved neither by lipidemic control nor by preventive pharmacotherapy. This suggests the use of other interventions like weight reduction and optimum use of BIA for monitoring utilizing primary health care resources.
The present study has few limitations like its cross-sectional nature, small sample size, presence of risk factors which cannot be eliminated and the method which is based on a predictive formula and tending to underestimate body fat. It is obvious that type 2 diabetes poses a significant risk to the body composition and balance between fat and protein both in quantity and quality. Skeletal muscle atrophy associated with enhanced SF deposition is an unwanted outcome of the disease, and severity of its progression correlates well with extent to which metabolic derangements are kept in check in type 2 diabetics. BIA method helps to know body composition in at-risk persons for DM to prevent the inception of disease as primary prevention, monitor the therapy to guide appropriate interventions. It helps to keep metabolic abnormality in check as a mean of secondary prevention and to keep life threatening events minimum by awareness of patients and doctors about body composition. This simple but objective method can be used by family physicians and primary care practitioners and patients themselves to monitor body composition and therapy would be something beyond doing exercise, taking oral hypoglycemic agents, diet restrictions and having hypolipidemic agents. Prevention is the key for diabetes in Indians, and simple prevention themes like "Eat less, eat on time, eat right, walk more, sleep well, and smile" are needed. [27] At least one can monitor the exact change in body composition and patient care may be improved by this.
CONCLUSIONS
Body mass index and body weight are short of qualitative inference when it comes to assessment of body composition and BIA offers a good cost-effective alternative. Type 2 diabetics must be assessed for qualitative body fat distribution and this method should be used optimally. Monitoring of body fat distribution by simple method of BIA offers a mean to be more precise in combating the challenge of treating type 2 diabetes patients.
